The use of a respiratory screening questionnaire is recommended annually to screen bakery workers in the UK. We compared questionnaire screening with other methods of detecting workers with asthmatic symptoms and then assessed the significance of these symptoms with careful investigation and follow-up. Reasons for questionnaire failures were then explored. A questionnaire was issued to 362 flour-exposed workers in a large bakery. All positive respondents to respiratory symptom questions were interviewed by an occupational nurse. Workers with occupational^ related symptoms at this interview were referred to the chest clinic. In addition, workers with negative questionnaires were screened using attendance records, sick notes and direct workplace observations. Workers with frequent absence from work or sick notes with respiratory diagnoses were interviewed in the same manner as those answering the questionnaire positively and then referred to clinic. At clinic, a diagnosis was made for each worker on the basis of clinical assessment, spirometry, serial peak expiratory flow rate (PEFR) analysis and radioallergosorbent testing (RAST) testing for specific IgE. Using the clinic diagnoses, the referral routes were audited to assess the rates of case detection of asthma and occupational asthma. The respiratory screening questionnaire identified 68 workers with respiratory symptoms. Of these, 21 proceeded to full assessment. A diagnosis of asthma was made in five cases, one of which was bakers' asthma. In addition, 11 workers not reporting any symptoms by questionnaire were referred to clinic and five were diagnosed as having asthma. Screening questionnaires may lead to an underestimate of the prevalence of asthmatic symptoms and as such should not be used alone in workplace screening.
INTRODUCTION
Occupationally related respiratory symptoms, bronchial responsiveness and sensitization are common, even in a modern bakery 1 * 2 and bakers' asthma is a common form of occupational asthma with an estimated incidence of 400-650 cases/million workers per year. bakers' asthma. 5 Bakeries are therefore included in the MS25 guideline document of the Health and Safety Executive 6 as workplaces where a moderate risk of sensitization and asthma exists and annual screening by questionnaire is recommended. Screening questionnaires are thought to be a sensitive, but not specific, method of detecting respiratory symptoms in the workplace. 7 
"
8 They can be usefully supplemented by serial peak flow records and immunologic tests in individual cases, although these techniques are not recommended as population screening tools. 9 There is an increasing awareness among management and employees of the employers' legal responsibility with regard to safety at work. 10 ' 11 Employers perceive a risk of litigation when work-related symptoms develop in employees but employees now also fear a reduction in income if symptoms are acknowledged. Follow-up of work-related asthma patients has shown them to have a median loss of 35% of annual income prior to diagnosis. 12 Further work distinguishing work-related from occupational asthma has shown the occupational group to be even more severely disadvantaged. 13 Clearly these considerations have implications for the interpretation of questionnaire responses. We hypothesized that workers might conceal symptoms that might lead to their relocation or dismissal and hence the questionnaire survey would underestimate the prevalence of asthmatic symptoms.
METHODS
Workers exposed to flour in a food production plant producing pizzas, bread rolls and confectionery were screened by both questionnaire and active case detection methods during 1994 as illustrated in Figure 1 .
Questionnaire method
Screening questionnaires of the form shown in Figure  2 were distributed during 1994 to all flour-exposed workers. Workers answering positively to any of the questions were asked to see the factory nurse when a short history regarding work-relate dness of symptoms was taken. The criteria sought at this interview were a clear history of any respiratory symptoms other man occasional upper respiratory tract infections and any degree of work-relatedness with these symptoms. Spirometry was carried out to assess FEV1 and FVC. Workers giving a history suggestive of work-related upper or lower respiratory symptoms were referred to a specialist chest clinic.
hi 1995, a modified questionnaire was used in order to reduce the number of positive responses encountered from workers with incidental viral upper respiratory tract infections at the time of the survey in 1994. The modified questionnaire was shorter due to the removal of questions regarding snoring, smoking, family and employment history and medication. A new question on shortness of breath was introduced. Completed questionnaires were collected from line managers and assessed by medical students who were unaware of the results of the 1994 survey. These students were instructed by the occupational nurse who operated the 1994 survey. All workers giving positive questionnaire responses were once again interviewed. A standard structured interview was constructed with the nurse for administration by the students to detect work-related chest symptoms.
Active case detection method
Workers were screened at recruitment by the factory nurse for any history of allergic or respiratory disease and baseline spirometry was recorded prior to starting work. Subsequently, absence notes (self-certification notes or notes from general practitioner) were reviewed along with work attendance records. This process was facilitated by a computerized attendance record linked to the clock-in system at the factory. Unduly frequent absence from work (more than 3 days per month) or absence due to respiratory illness was followed up. Workers identified by these methods or by direct workplace observation of respiratory symptoms by line managers and the nurse were asked to attend for an interview of the same type as those answering positively in the screening questionnaire. Clinic referral was arranged when appropriate. 
Clinic follow-up
At clinic, a full occupational and medical history was taken and spirometry with reversibility to beta-agonist assessed. Serial peak expiratory flow rate (PEFR) records were requested and serum samples taken for specific IgE testing by radioallergosorbent test (RAST). Serial peak expiratory flow rate (PEFR) records were requested from all workers attending the chest clinic. Workers were asked to record a result every 2 hours while awake for 1 month. Provision was made on the chart for a record of sleep pattern, shifts at work, medication and unusual exposures to dust or fumes. The numerical results were then entered into a prototype of the OASYS programme 14 which produced a graphical output. PEFR charts in this form were assessed visually by the clinic physician and categorized as either normal, asthmatic, occupationally asthmatic, low mean PEFR with no fluctuation or inadequate in quality. The criteria used for asthma was more than 20% within-day or between-day fluctuation with low mean being below 20% of predicted value (OASYS). An alteration from normal to asthmatic pattern while at work or a clear deterioration in mean PEFR across the working week was taken as evidence of an occupational relationship. Charts of an inadequate quality were defined as having less than five blows per day, missing data or evidence of inadequate technique (e.g., every result the same value).
RAST assays for wheat, rye, barley and oat flour, fungal amylase, egg, milk, soya and mixed mite antigen were carried out using antigen adherent to paper discs and a standard kit (Phadebas RAST, Kabi Pharmacia). An atopy screen was also carried out using a disc with common antigens and the kit above. All samples were tested with positive and negative control sera. Positive results were defined as a count in excess of double the negative sera result in samples with less than 10% variation between repeated samples.
Workers were reviewed with the results of these tests and a diagnosis made in each case. A diagnosis of asthma was made on history and reversibility to betaagonist with a confirmatory peak flow record. A diagnosis of occupational asthma was only made in the presence of a positive IgE to bakers' allergens. These diagnoses were communicated to workers' family practitioners and the workplace health team so that the necessary follow-up could be instituted in consultation with the workers.
only asked if the worker thought that the screening questionnaires were worthwhile, whether or not they answered them completely honestly, and why. Completed questionnaires were collected at table into a ballot box style container. The second study was carried out by a factory floor union representative who interviewed 50 members of that union and documented their anonymized answers to the same three questions.
Statistical analysis
Anonymized data was stored on a computerized database (Microsoft Access Version 1.1). Questionnaire sensitivity and specificity was calculated and the response rate to the two questionnaires compared by the chi squared test.
RESULTS
The factory consisted of large bakery and sandwich production units on the same site. The workers were split between the two units with little interchange of workers between the two sites except during peaks in production when temporary changes in work place were arranged. The number of workers exposed to flour in the bakery varied slightly with season (e.g., increased by the recruitment of temporary workers for Christmas pudding and hot cross bun production) but was approximately 360 workers with an equal number of men and women and a mean age of 37 years (range 20-61 years). Workers with occupational symptoms in one part of the factory could be easily relocated to other parts of the factory with different exposure.
Questionnaire results
In 1994, 362 questionnaires were distributed and 335 results were recorded (92.5%). The results of follow-up after this survey are summarized in Figure 3 . Sixtyeight workers answered positively to one or more questions (20.2%) and all were seen by the nurse. Twenty-one workers were referred to chest clinic leading to the diagnosis of one new case of bakers' asthma and four other cases of asthma not related to work. 
Survey of attitudes to questionnaires and response accuracy
Following collection and analysis of the 1995 questionnaire, two attempts were made to assess the prevalence of inaccurate responses. The first study consisted of an anonymous questionnaire handed to bakery workers as they collected food in the canteen. The first 50 flour-exposed workers to arrive in the canteen were given questionnaires. These questions Full details of these workers are shown in Table 1 . None of these workers had been relocated by the time of the 1995 survey but appropriate preventative measures had been taken in each case.
In 1995, 373 questionnaires were distributed and 341 results recorded. Sixty-six workers answered positively to one or more questions (19.4%) leading to 15 referrals to the chest clinic. Four of the five cases of asthma diagnosed in 1994 answered the questionnaire positively but one did not return a questionnaire due to ill-health. Of these, three were once again referred to chest clinic and the same diagnoses made. In addition, three new cases of asthma were diagnosed from 12 others referred to chest clinic. Of the three new cases of asthma, two had answered the questionnaire negatively in 1994 and one had complained of symptoms but not been referred on by the nurse. None of these cases were shown to have occupational asthma but the case previously seen by the nurse was shown to have atopic asthma with no flour allergy and was relocated.
These figures confirm the previously accepted low specificity of questionnaires to detect asthma with only 5/68 in 1994 and 6/66 in 1995 of positive questionnaire responses resulting in a significant diagnosis. The questionnaire specificity in 1994, denned as proportion true negatives correctly identified, was 83%, assuming that no cases of asthma were missed. There is no significant difference between the rates of positive answers to the questionnaire in the two years tested (% 2 = 0.48; p = 0.49) despite altering the questions.
Active case detection and questionnaire sensitivity
In 1994, 11 workers were referred to clinic despite having no positive responses on questionnaire and of these, one had previously diagnosed bakers' asthma (and had been absent at the time of questionnaire screening) and four others had asthma. Full details of these cases are shown in Table 2 . In the same year, one case of occupational asthma and four cases of asthma were diagnosed as a result of 21 workers followed up following a positive response to the screening questionnaire. Active case detection therefore picked up as many cases as the questionnaire despite a high return rate for the questionnaire. The 1995 data brought to light one further case that was missed by the questionnaire method in 1994 due to exclusion at the screening stage. The sensitivity of the questionnaire method, defined as the percentage of true cases correctly detected, is at best 5/11 or 45% and may be lower allowing that some cases may have been missed by both methods.
Attitude and response surveys
The canteen survey showed that 39 of 50 workers (78%) felt that annual health screening by questionnaire was a valuable exercise but two workers (4%) admitted falsifying the questionnaire and four workers (8%) declined to comment. The interview survey by the union official showed that all 42 workers sampled believed the annual screening questionnaire to be a valuable exercise and answered honestly. Only one declined to comment on the truthfulness of thenresponse.
DISCUSSION
The major finding of this study was that a carefully conducted questionnaire survey missed as many cases of asthma as it detected. Is this important, and should it alter the strategy used in screening such workplaces?
Screening tools should be cheap, easy to use, and acceptable to the screened population but they must also be reproducible and sensitive in order to be effective. 15 Questionnaires are cheap, easy to use and moderately acceptable to the populations surveyed. However, they have several problems. A standardized questionnaire for asthma with tested repeatability has only recently become available. 16 Previous questionnaires had been aimed at bronchitis and had very variable results even in the hands of specialists. 17 Also, questionnaire results correlate poorly with bronchial responsiveness 18 and testing of occupational exposure relationships is further confounded by the effect of age, gender, smoking, area of residence, calendar month, education and socio-economic status. 19 Despite these problems, questionnaires are generally thought to be a sensitive tool. 20 There is little data available, however, on the potential problem of deliberately misleading responses.
Our questionnaire was cheap, simple and acceptable to the workforce as the return rates show. However, the survey itself was logistically complex due to the varied shifts of the workers and occupied a nurse part-time for 4 months in 1994 and two medical students full-time for 1 month in 1995. Nevertheless, there was a similar rate of positive response to both the 1994 (21.8%) and 1995 (19.4%) questionnaires. Altering the questionnaire to exclude occasional upper respiratory tract infections did not make a real difference and either questionnaire therefore requires a fifth of the work force to be absent from the line for a follow-up session. This creates a significant cost in staffing both in lost labour at the production line and in staffing the occupational health facility at the workplace.
In terms of sensitivity, the 1994 questionnaire showed that as least as many cases of asthma were missed as detected when compared to the combined total of cases. This is inevitably an underestimate of the true prevalence of symptoms in the workforce as 4% of workers in the informal canteen survey admitted falsifying their record. Informal remarks indicate that these workers wish to avoid the investigation and possible change of job that work-related symptoms may necessitate. The loss of income, status and work relationships outweigh the possible health risks of continuing exposure in the workers' judgement. The two years cannot be compared because the screening of questionnaire responses and initial interviews were different between the years. This result indicates that the questionnaire approach cannot be effectively used in isolation. In large work places, occupational health staff can usefully analyze attendance records, sick notes and workplace observations as in this study. Education of workers as to the nature and significance of the health risk, in conjunction with careful attention to air quality, may be a more beneficial strategy.
